VALVE ARRANGEMENT 
FOR A VACUUM PUMP 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a valve arrangement for a vacuum 
pump and including a valve head displaceable substantially perpendicular to a 
flow direction of fluid through the valve arrangement, a valve seat, and a valve 
spring for biasing the valve head into an abutment engagement with the valve 
seat. 

Description of the Prior Art 

A valve arrangement of the type described above is used primarily 
in vacuum pumps which are characterized by a dry operation in the 
compression chamber. The vacuum pumps with a dry operation in the 
compression chamber necessitate use of lubricant-free components, e.g., valves 
which are directly connected with the pumps. 

Generally, in valves used with the above described type of vacuum 
pumps, the closing elements which, as a rule, is called a valve head, is displaced 
in the flow direction. In the closed condition, the valve head flatly abuts a valve 
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seat and is biased to its closing position by a spring. There exist different 
designs of valve springs used in valves for vacuum pumps with a dry operation 
in the compression chamber. One of such springs is disclosed in U.S. Patent 
No. 4,790,726. However, all of the known design have serious drawbacks. 
With metallic springs contacting non-lubricated surfaces, which is the case in 
vacuum pumps with a dry operation in the compression chamber, the wear of 
the cooperating elements can lead to their malfunction. 

It was also proposed to use, as a valve spring, a massive O-ring in 
valves for lubricant-free pumps. However, such an O-ring is characterized by a 
poor springing action. A primary reason of a poor springing action of an O-ring 
consists in that its material in the center of the ring can be deformed only with 
much difficulty, and a very large force needs to be applied to effect 
deformation. In addition, a deformable O-ring has a cross-section that is 
determined by two opposite surfaces associated with respective cylindrical 
halfshells. This results in a non-linear springing action and in a very small 
deformation range. 
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It was also proposed to use spring elements formed of metal but 
covered with an elastic jacket. Such spring elements are very expensive in 
production. 

Accordingly, an object of the present invention is to provide a 
valve arrangement in which the above-discussed drawbacks of known valve 
springs are eliminated. Another object of the present invention is to provide a 
valve arrangement with such valve springs that would insure a varied 
application of the valve arrangement, in particular, for operation in vacuum. 

SUMMARY OF THE INVENTION 

These and other objects of the present invention, which will 
become apparent hereinafter, are achieved forming the valve spring of at least 
one substantially hollow body made of an elastomeric material. 

The advantage of the valve spring according to the present 
invention consists in that it eliminates wear associated with the use of metallic 
components. The different shapes of the hollow body ensure much better 
springing action than a maosivo O-spring. The deformation range of the hollow 
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body according to the present invention is also much greater than that of a 
massive O-ring. On the other hand, less force is required for its deformation. Qg£ 
The hollow body can be formed of different elastomeric materials having 
different elasticities which are widely available on the market. Also, the 
geometrical dimensions such as the diameter, wall thickness, length can be 
varied without any problem, which permits to easily adapt spring constants, 
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e.g., stiffness, te-different requirements. When the range of the springing action 
is so reduced that the inner diameter is extremely small but is not zero, no 
fatigue occurs, and the service life is almost unlimited. With a plurality of 
windings (concentric rings or a spiral), the spring force can be substantially 
increased. With the use of segments, it is possible to ^afy the force to a very " - -* 
small degfee. 

The novel features of the present invention, which are considered 
as characteristic for the invention, are set forth in the appended claims. The 
invention itself, however both as to its construction and its mode of operation, 
together with additional advantages and objects thereof, will be best understood 
from the following detailed description of preferred embodiments, when read 
with reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWING: 



The drawings show: 

Fig. la a vertical cross-sectional view of a first 
embodiment of a valve arrangement for a 
vacuum pump according to the present 
invention; 

Fig. lb a vertical cross-sectional view of a second 
embodiment of a valve arrangement for a 
vacuum pump according to the present 
invention; 

Fig. lc a vertical cross-sectional view of a third 
embodiment of a valve arrangement for a 
vacuum pump according to the present 
invention; 

Fig. 2 a vertical cross-sectional view of a fourth 
embodiment of a valve arrangement for a 



Fig. 3 



Fig. 4. 



Fig. 5 



Fig. 6 
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vacuum pump according to the present 
invention; 

a horizontal cross-sectional view of a further 
embodiment of a valve arrangement for a 
vacuum pump according to the present 
invention; 

a horizontal cross-sectional view of a still 
further embodiment of a valve arrangement for 
a vacuum pump according to the present 
invention; 

a horizontal cross-sectional view of another 
embodiment of a valve arrangement for a 
vacuum pump according to the present 
invention; 

a horizontal cross-sectional horizontal view of a 
yet another embodiment of a valve arrangement 
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for a vacuum pump according to the present 
invention; 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Valve arrangements according to the present invention, which are 
shown in Figs, la-lc, include essentially a valve head 1, a valve head support 3, 
a valve seat 4, and a valve spring 12. The valve head 1 is displaced 
perpendicular to the flow direction which is shown with arrows. In a closed 
condition of the valve arrangement, the valve head 1 lies flatly on the valve seat 
4. The abutment of the valve head 1 with the valve seat 4 is insured by the 
valve spring 4 according to the present invention. To provide for an appropriate 
sealing, the valve head 1 is provided, on its side adjacent to the valve seat 4, 
with a flat sealing member 5. The sealing member 5 can be formed, e.g., by an 
appropriate coating. 

According to the present invention, the valve spring 12 is formed 
as a hollow body, e.g., in form of a section of a hese having^different cross- qIou^ 
sect i°AS. In the embodiment shown in Figs, la, lb, lc, the hollow body has, 
respectively, a circular cross-section, a triangular cross-section, a rectangular, 

8 



NYl 5420374vl 



square cross-section. Alternatively, the valve spring can be formed, as shown 
in Fig. 2, as a porous body 13 having, e.g., a circular cross-section. 

The valve spring 12 can also be formed as an annular body (Fig. 
3), of a plurality of concentric rings 14 (Fig. 4), in form of a spiral 15 (Fig. 5), 
and be formed of a plurality of segment elements lb (Fig. 6). 

Though the present invention was shown and described with 
references to the preferred embodiments, such are merely illustrative of the 
present invention and are not to be construed as a limitation thereof and various 
modifications of the present invention will be apparent to those skilled in the 
art. It is therefore not intended that the present invention be limited to the 
disclosed embodiments or details thereof, and the present invention includes all 
variations and/or alternative embodiments within the spirit and scope of the 
present invention as defined by the appended claims. 
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